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INTRODUCTION. 
About a year after the discovery by Blum  I that subcutaneous injections of adre- 
nal extracts produce glycosuria, Herter and his coworkers  ~ published several com- 
munications on the sugar-producing effect of adrenal substance when administered 
intraperitoneally.  They  employed  adrenalin  chloride  (Takamine,  1: 1,000). 
According to  Herter,  intraperitoneal  injections  of adrenalin  give better  results 
than  subcutaneous  or  intravenous  injections.  Herter's  communications  con- 
tain  further  the  following  striking  statements:  that  painting  of  the  pancreas 
with adrenalin brings on glycosuria which amounts often to 10 per cent and more, 
and that such a remarkable production of glycosuria may be brought about even 
by painting  only one-fifth of the  pancreas  with  adrenalin.  He  further  states 
that  "the  pronounced nature  of the  glycosuria following intraperitoneal  injec- 
tions appears to be mainly attributable to the readiness with which the adrenalin 
comes into contact with the pancreas."  The glycosuric action of painting  the 
pancreas is brought into connection with the fact that glycosuria invariably makes 
its appearance after complete depancreatization, and the theory is advanced that 
the painting of the pancreas with adrenalin acts upon the cells  of this organ in 
the manner of the action of hydrocyanic acid; namely, by the prevention of oxy- 
genation of the glandular cells.  In the discussion following this communication 
at the meeting of the Association of American Physicians, Herter stated that he 
was unable to'offer a satisfactory reply to the question of one of us; namely, why 
the prevention of oxygenation of the cells of one-fifth of the pancreas should pro- 
duce glycosuria, while the removal of even more than one-half of that gland pro- 
duces no glycosuria.  To the remarks of  Cushing  that the operative procedure, 
1 Blum, F., Deutsch. Arch. klin. Med., 1901, lxxi,  146. 
2 Herter,  C. A., and Richards, A. N., Med. News,  1902, lxxx,  201.  Herter,  C. 
A., ibid.,  1902,  lxxx,  865.  Herter,  C. A., and Wakeman, A. J.,  Tr. Assn.  Am. 
Phys., 1902, xvii,  570;  Virchows Arch.  path. Anat.,  1902,  clxix,  479.  Vosburgh, 
C. H.,  and Richards, A. N., Am. J. Physiol., 1903, ix, 35. 
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etc., might have been responsible for the glycosuria, Herter said that he "used only 
ether, and after you have used this for hours on dogs and examined the urine 
you get only a trace of sugar or none whatever."  He admits that in a few in- 
*tances  the amount of glycosuria is inconsiderable and in exceptional instances 
glycosuria may be entirely absent.  However, Herter's papers do not  contain 
figures recording the number of successful experiments after painting the pancreas 
or after intraperitoneal injections,  or indicating the degrees of the results. 
In  Herter  and  Wakeman's  communications  z there  is  only an unimportant 
reference to the hyperglycemic effect of painting.  But later Vosburgh and Rich- 
ards  ~ report eight experiments in which the hyperglycemia was studied, five after 
painting the pancreas and three after intraperitoneal injections of adrenalin chlo- 
ride.  In these instances the increase in hyperglycemia was, indeed, considerable; 
but no statement is made as to the glycosuric  effects.  Vosburgh and Richards 
acknowledge the influence  of ether upon the sugar content of the blood and the 
necessity of having controls for the experiments; they consider  as a control the 
first analysis for blood sugar which has been made after anesthesia has been estab- 
lished  and before adrenalin is used.  In two of these controls the glycemla was 
high (0.239 and 0.258 per cent). 
These statements are striking.  Although more than 14 years have 
passed  the  experiments  seem not  to  have  been  confirmed  by other 
workers.  W,e  report  below  the  results  which  were  obtained  in  the 
repetition  of some of the experiments. 
EXPERIMENTAL. 
Method.--The  experiments were made  on dogs.  They were anes- 
thetized  with  ether,  some  by  the  intratracheal  insufflation  method, 
some received ether by cone or towel,  and in others ether was insuf- 
flated  through  a  cone.  In  all  cases urine  and  blood were  analyzed 
for  sugar  content,  the  blood was  analyzed once  before painting  the 
pancreas with adrenalin  (Parke,  Davis and  Company,  1: 1,000),  and 
several  times at intervals  after painting.  Blood was obtained  from 
a  cannula in an artery (carotid or femoral)or from the  external jugu- 
lar vein by means of a  syringe, and  the  urine  from  a  catheter  kept 
permanently in  the  bladder.  Probably  because  of the  etherization, 
the amount of urine obtained was usually small.  The experiment was 
observed  for  several hours;  that  is,  at  least  until  the  glycemia was 
distinctly  on its descending  course.  The urine  was  examined  at  in- 
tervals after painting and in some instances the  urine  excreted during 
the following  18  or 20 hours was collected and examined.  Etheriza- ISRAEL  S. KLEINER  AND  S.  J. MELTZER  649 
tion was continued either throughout the entire experiment or until 
the painting and with it the operative handling  of  the  animal  was 
finished.  The  quantitative analysis  for sugar was made by Myers 
and Bailey's modification of the Lewis-Benedict method.  3 
After laparotomy the pancreas was exposed to as full a view as pos- 
sible.  At least one-third of the organ was painted.  In some experi- 
ments the entire quantity of the adrenalin was painted on at once; in 
others about  the same quantity was used but divided for painting 
several  times.  The  results  of  the  two  methods  are  presented  in 
Tables I  and II. 
Since the adrenalin will reach the pancreatic cells more thoroughly 
if  applied  after the thin membrane  and  the  external  covering  of 
connective  tissue  has  been  removed, this was done in most of the 
experiments. 
The results will be found in compact but full detail in the tables. 
Table  I  presents  those obtained  in seven experiments in which the 
pancreas was painted only once with fairly large quantities. 
As regards the blood sugar we are concerned essentially with the 
determinations made  during  etherization  just  before  exposure  of 
the pancreas and the highest percentage of the sugar found at any 
time after painting it.  The difference between these two determina- 
tions  indicates  the  effect of painting  the pancreas  with  adrenalin. 
Taking  the highest increase during an experiment as characteristic 
of the effect of the painting, the rise in the blood sugar content in the 
experiments of Table I is as follows: 0.09, 0.07, 0.05, 0.06, 0.00, 0.08, 
and 0.06 per cent.  It varies between 0.09 and 0.00 per cent.  The 
urine never contained reducing substances before painting the pan- 
creas with  adrenalin.  The  highest percentages of glycosuria after 
painting in the experiments of Table I are as follows:  1.27, 5.00, 0.00, 
0.93, 0.68, 0.94, and trace.  As can be seen from the data in the table, 
the percentages of sugar in the urine following the painting were ir- 
regular,  the highest being 5  per cent and  the lowest 0.00 per cent. 
Evidence of definite relation between glycosuria, hyperglycemia, and 
the amount of adrenalin used in painting the pancreas is lacking. 
Table II  summarizes five experiments in which the pancreas was 
painted  several  times.  The  entire  quantity of  adrenalin  used  in 
3 Myers, V. C., and Bailey, C. V., J. Biol. Chem., 1916, xxiv, 147. t~u 
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the  several  paintings  in  each  of  the  five  experiments  in Table II 
was generally smaller  than  those used in the experiments of a  single 
painting  in Table I.  The  rise of the blood sugar in the experiments 
of Table II is as  follows:  0.02,  0.05,  0.03,  0.09,  and  0.04  per  cent. 
The  highest  percentages  of sugar  in  the urine in these  experiments 
were:  6.95,  4.36,  trace,  3.08,  and  3.57.  The  increase  of the  blood 
sugar  is about  the  same  in  both  tables.  The  glycosuria  generally 
ran  higher  in  the  second series  of experiments. 
A consideration of both series shows that our experiments bear out 
in a  general manner  the statement made by Herter,  that in the ma- 
jority of the  cases  (nine  out of twelve  of our  animals)  painting  the 
pancreas  with  adrenalin  is  followed by glycosuria,  and  further,  the 
amount of the glycosuria varies in different experiments.  However, 
our  results  do  not  support  unqualifiedly  the  results  presented  by 
Herter and  the views expressed by him.  As regards glycosuria pro- 
duced by adrenalin,  Herter  states that  subcutaneous administration 
produces the least amount,  intraperitoneal  the next highest amount, 
and  painting  the  pancreas  the  highest  amount.  The  impression 
conveyed is that painting  the pancreas  will, as a  rule,  produce high 
glycosuria, 10 per  cent  and  higher.  Thus in one  experiment  14 per 
cent  was  found,  while  the  slighter  glycosuria produced  was  excep- 
tional and rarely the conditions failed entirely.  Now our experiments 
give rather  the opposite impression.  Thus in one instance  only did 
the glycosuria approach  7 per cent, while in another  it was about 5 
per cent.  On the other hand,  of the twelve experiments,  three gave 
no  glycosuria or a mere trace.  In  seven experiments  the glycosuria 
was small or at least not high.  The average of the twelve experiments 
was 2.23 per cent.  In other words, we found the glycosuria following 
painting of the pancreas with adrenalin a less striking phenomenon and 
we are not convinced that  it differs from the similar condition which 
follows  the  subcutaneous  or  intraperitoneal  injection  of  the  drug. 
Two  more  points  must  be  considered.  First,  we  employed  larger 
amounts of adrenalin  than apparently did Herter and his coworkers. 
Second,  in most experiments  we removed the  connective  tissue and 
the  thin  membrane  from  the part  of the pancreas  which was to be 
painted with adrenalin,  a  device which according to Herter  4 is "apt 
to be most effective." 
4 Herter,  C. A., and Wakeman, A.  J.,  Tr. Assn.  Am.  Phys.,  1902, xvii, 577. ISRAEL  S.  KLEINER AND  S.  J.  MELTZER  655 
The  experiments we have made would seem not to  support the 
chief contention of Herter  that the "pronounced nature of the gly- 
cosuria  following  intraperitoneal  injections  appears  to  be  mainly 
attributable  to  the  adrenalin  which comes into  contact  with  the 
pancreas." 
Although Vosburgh and Richards  * adopt  the view of Herter  that 
the glycosuria produced by injection of adrenalin into the peritoneal 
cavity is of pancreatic origin, they do not mention the point in the 
conclusion.  As already stated, these authors studied only the effects 
of  adrenalin  upon glycemia.  They made  only three  experiments, 
using large,  toxic doses of the adrenalin solutions intraperitoneally; 
one animal died in 24 hours.  We wish now to compare the hyper- 
glycemia obtained in our experiments by painting the pancreas with 
the results obtained by Vosburgh and Richards.  Their Table I con- 
tains five such experiments of which the main facts are reproduced in 
our Table III. 
The blood sugar rises in their experiments are: 0.102, 0.118, 0.280, 
0.240.  ~nd 0.052  per cent.  Except in one  experiment (No.  7)  the 
rise in the blood sugar is therefore considerably higher than that ob- 
tained in our twelve experiments.  The average increase in our ex- 
periments is 0.054 per cent; the average increase in those of Vosburgh 
and Richards is 0.158 per cent; thus the average of our  experiments 
is  about  one-third that  of Vosburgh and  Richards.  The  doses  of 
adrenalin employed in four of their experiments were larger than those 
in ours.  Analysis shows, however, that the quantity  of  adrenalin 
employed by  them did not exert an unmistakable  effec  t  upon the 
blood sugar.  Thus in Experiment 4, in which 4 cc. of adrenalin were 
used, the increase amounted only to 0.118 per cent, while in Experi- 
ment 6, in which only 2 cc. were used, the rise was 0.240 per cent. 
Other points of difference between the methods employed by Vos- 
burgh and Richards and by ourselves exist.  The amount of blood 
withdrawn for each analysis is  one of these points.  Vosburgh and 
Richards  undoubtedly have  withdrawn  much  larger  quantities  of 
blood than we have withdrawn in our experiments.  Possibly this is 
a  contributing factor  in  their  finding higher  blood  sugar  than  we 
found)  The other possibility of a  deeper anesthesia  and  some de- 
6 For example, see Rinderspacher, K., Biochem. Z., 1910, xxvii, 67-72. 656  tiYPERGLYCEMIA  AND  GLYCOSURIA 
TABLE  III. 
Blood  Sugar  Content  in  Five  Experiments  on  Painting  the  Pancreas  with  Adrenalin 
from  Table  I  of  Vosburgh  and  Richards  (Abbreviated). 
6 
z 
5 
6 
Time  when  blood  was  withdrawn. 
3.00 p.m.  Normal ............. 
3.15  "  7 rain. after painting.. 
3.23  "  15  "  "  " 
3.38  "  30  "  "  " 
4.08  "  1 hr.  "  " 
5.06  "  2hrs.  "  " 
6.00  "  3  "  "  " 
7.55 p.m.  Normal ............. 
8.17  "  5 min. after painting.. 
8.27  "  15  "  "  " 
8.42  "  30  "  "  " 
9.12  "  1 hr.  "  " 
10.12  "  2 hrs.  "  "  .. 
10.45 a.m.  Normal ............. 
11.00  "  5 rain. after painting.. 
11.10  "  15  "  "  " 
11.25  "  30  "  "  "  .. 
11.54  "  1  hr.  "  "  .. 
12.54 p.m.  2 hrs.  "  "  .. 
1.54  "  3  "  "  "  ,. 
2.55  "  4  "  "  "  .. 
4.52 p.m.  Normal ............. 
5.05  "  5 min. after painting.. 
5.15  "  15  "  "  " 
5.30  "  30  "  "  "  .. 
6.00  "  1 hr.  "  "  .. 
7.00  "  2hrs.  "  "  .. 
3.34 p.m.  Normal  .............. 
3.49  "  6 rain. after painting.. 
4.01  "  18  "  "  "  .. 
4.22  "  39  "  "  " 
4.58  "  1  hr.,  15  rain.  after 
painting  ..................... 
5.43 p.m.  2 hrs. after painting.. 
6.37  "  3  "  "  "  .. 
Sugar.  Remarks. 
m. 
per ceni 
).112i 
). 182r 
).178] 
). 1881 
~2o41 
).2141 
0.1651 
3.1731 
9.277t 
9.237] 
D.2911 
D.2561 
0.2391 
0.2911 
O. 354[ 
O. 3881 
D.433[ 
0.477[ 
0.519[ 
0.4651 
0.131[ 
0.2051 
0.217l 
0.2641 
0.315j 
0.3711 
0.154 
0.192 
0.173 
0.191 
0.206 
0.143 
O. 169 
Etherizafion  continued  throughout 
experiment;  3  cc.  of  adrenalin 
chloride solution  (1: 1,000)  applied 
to pancreas with brush at 3.08 p.m. 
Etherized  from  7.45  p.m.  till  end~of 
experiment;  4  cc.  of  adrenalin 
chloride solution  (1 : 1,000)  painted 
on surface of pancreas at 8.12 p.m. 
Ether  given  throughout  experiment; 
3 cc. of adrenalin chloride (1: 1",000) 
applied at 10.55 a.m. 
Ether  given  throughout  experiment; 
2  cc. of adrenalin chloride solution 
(1: 1,000)  applied  to  pancreas at"5 
p.m. 
Ether  given  throughout  experiment; 
3  cc.  of adrenalin solution~applied 
to pancreas at 3.43  p.m. ISRAEL  S.  KLEINER  AND  S,  ~.  MJ~LTZER  657 
gree of asphyxia (factors which tend to increase the amount of blood 
sugar)  is  eliminated  by  the  statement  of  Vosburgh  and  Richards 
that "care was taken to keep the anesthesia as light and as constant 
as possible."  The differences in the method of analysis employed by 
Vosburgh and Richards  (precipitation by phosphotungstic acid and 
determination  of  sugar  by  the  Allihn  method),  and  by  ourselves 
(Lewis-Benedict method) cannot be responsible for the variations in 
our results. 
However that  may be,  we are justified in  pointing  out  the fact 
that the production of hyperglycemia by painting the pancreas with 
adrenalin in  our experiments was not of unusual degree.  There is 
reason to doubt that the glycosuria and the increase in the hypergly- 
cemia thus produced are greater than would have been produced by 
the application of adrenalin to any other part of the peritoneal cavity. 
We have not established by direct experiments the degree of hyper- 
glycemia and glycosuria which is produced by painting some other 
surface of the peritoneal cavity which would have entitled us to  a 
direct comparison between painting the two surfaces. 
On the other hand, we have ascertained definitely that the hyper- 
glycemia  and  glycosuria  produced  by  intraperitoneal  injection  of 
adrenalin is not of pancreatic origin.  We have isolated in two series 
of experiments a  part  of the pancreas in  such a  way  (1)  that  the 
adrenalin applied  to  the pancreas  could not  find its  way to  other 
parts of the peritoneal cavity at all or to any extent, and (2) that the 
adrenalin injected into the peritoneal cavity could not reach the iso- 
lated  part  of  the  pancreas.  Table  IV  records  the  experiments in 
which the isolated pancreas was painted with adrenalin. 
In the experiments in which the adrenalin was painted on the pan- 
creas and was prevented from coming in contact with any other part 
of the peritoneum the rise of blood sugar was:  0.02, 0.04, 0.02, 0.06, 
0.02, 0.01,0.04,  and 0.07 per cent, giving an average of 0.035  per cent, 
which is about two-thirds that obtained when the adrenalin was ap- 
plied to a  pancreas remaining in contact .with the rest of the perito- 
neum.  The glycosurias were: 0,  1.08, 0, 0, 2.66,  0.57,  0.7,  and 0  per 
cent, with an average of 0.63,  which is less than one-third the average 
of the glycosurias obtained when the painted pancreas remained uniso- 
lated from the peritoneum.  These figures indicate that the increases -q 
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in glycosuria and hyperglycemia observed after intraperitoAeal injec- 
tions are not of pancreatic origin, the effects oft he painting being 
much smaller when the organ is isolated from the peritoneum.  This 
conclusion becomes even more evident when one examines the results 
of the few experiments given in Table V, in which adrenalin was in- 
jected hatraperitoneally while the pancreas was isolated. 
The rise in blood sugar in this table is:  0.06,  0.05,  and 0.01  per 
cent, the average being 0.04 per cent.  The glycosurias are:  6.0, 0.0, 
and 0.5 per cent,  the  average  being 2.2  per cent.  The  number of 
these experiments is too small to permit of a definite decision, yet the 
conclusion is in harmony'with that drawn from the experiments of 
Table IV; namely, that the hyperglycemia and glycosuria observed 
after intraperitoneal injections are not of pancreatic origin. 
For the sake of clearness the averages of the amounts of urine and 
of blood sugar noted in Tables I  to V are .presented in Table VI. 
TABLE  VI. 
Averages of Glycosuria and Rise of Blood Sugar Due to the Application  of 
Adrenalin. 
Averages. 
3ur  I2  experiments (Tables I 
and II). 
OUr 8 experiments (Table IV). 
Our 3 experiments (Table V). 
Vosburgh  and Richards' 5  ex- 
periments  (Table III). 
Mode of application. 
Painting unlsolated pancreas. 
Painting isolated pancreas. 
Intraperitoneal  injections;  pan- 
creas isolated. 
Painting unisolated pancreas. 
Glycosuria. Blood sugal 
per ceni  per cent 
2.23  0.054 
0.53  O.035 
2.2  0.04 
0.158 
DISCUSSION AND  CONCLUSIONS. 
After Blum's discovery of the production of glycosuria by the sub- 
cutaneous injection of adrenal extract, Herter has the merit of having 
found that injection of adrenalin into the peritoneal cavity also pro- 
duces glycosuria;  this  is  an  undeniable fact.  Concerning Herter's 
claim that intraperitoneal injection gives a higher degree of glycosuria 664  HYPERGLYCEMIA AND  GLYCOSURIA 
than  subcutaneous  or  intravenous  injection,  we  offer no  comment 
since we have made no observations on the glycosuric effect of sub- 
cutaneous injection of adrenalin, while we have made only three ex- 
periments by intraperitoneal injection.  The most we can predicate 
on the basis of the present experiments is that intraperitoneal injec- 
tion  of adrenalin produces a  somewhat higher degree of  glycosuria 
than could be anticipated.  However, in an earlier study carried out 
several years ago  e we arrived at the conception that the more slowly 
adrenalin  was  absorbed  from  the  tissues  into  the  circulation,  the 
greater was  its  glycosuric effect; hence an  intramuscular injection, 
which in its effect is nearly equal to that of an intravenous injection, 
induced a  glycosurla definitely smaller than that set up by a  similar 
dose administered subcutaneously.  Unless the absorption  from the 
peritoneal cavity is shown to be different from the absorption from 
subcutaneous injections, there could be no reason to assume that the 
glycosuric effect of intraperitoneal injection is much greater than that 
of  subcutaneous  injection.  We  might add that our former experi- 
ments do not support Herter's view that subcutaneous injection of 
adrenalin yields only slight degrees of glycosuria, because it is largely 
oxidized before entering the circulation.  A  difference exists in  the 
effects upon bloodpressure and upon sugar production, depending upon 
the mode of administration of adrenalin.  With regard to  the sugar 
production,  a  subcutaneous injection has  a  definitely greater effect 
than an intravenous injection; with regard to the blood pressure effect, 
however, the opposite is true.  Herter states that an intraperitoneal 
injection  of  adrenalin  exerts  a  smaller  effect upon  blood  pressure 
than an intravenous injection--a fact which Auer and Meltzer can 
confirm for the rabbit. 7 
Our experiments lead us to conclusions which do not conform to 
those of I-Ierter.  It will be recalled that Herter and his  coworkers 
state first, that painting the pancreas causes a marked glycosuria and 
hyperglycemia, and,  second, that  the glycosuria and hyperglycemia 
produced by intraperitoneal injections are of pancreatic origin; that 
is, they are produced by the adrenalin's coming in contact with the 
pancreas.  In our experiments tabulated in Table IV,  in which the 
6 Kleiner, I. S., and Meltzer, S. J., J. Exp. Med., 1913, xvlii, 190. 
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pancreas was isolated from the rest of the peritoneal cavity, the gly- 
cosuria was about one-third, and the rise in blood sugar about two- 
thirds  that  obtained  by  painting  the  unisolated  pancreas.  Hence 
two  facts may be  deduced: first,  that  the painting  of the isolated 
pancreas  produces  only  mild  glycosuria  and  hyperglycemia,  and, 
second, that the greater production of sugar observed after the paint- 
ing of the unisolated pancreas cannot beof pancreatic origin.  Indeed, 
our experiments point rather to the conclusion that the larger produc- 
tion of sugar after painting the unisolated pancreas is due to the fact 
that a  large part of the adrenalin escapes to  the peritoneum.  The 
last  mentioned view is  supported  by the statement of Herter and 
Wakeman  8 that "applications to the kidney are apt to yield more sugar 
than similar application to the liver,  intestine,  spleen,  or brain,  but 
the glycosuria is less marked than after the pancreas has been painted." 
Emerson and one of us had shown that a dissolved substance painted 
upon a kidney with an intact membrane is  incapable of penetrating 
the membrane and affecting the kidney, or even incapable of entering 
the circulation, except when the solution escapes to other parts of the 
peritoneum.  9  It  was  this  observation which led  to  the  suggestion 
that the effects observed by Herter of painting the pancreas might 
have been due to the escape of adrenalin to the celiac ganglion.  This 
point has not been directly tested, but several experiments were per- 
formed in which the adrenals were painted with the effect on sugar 
production apparently as intense as  that obtained by painting the 
unisolated pancreas.  However this may be,  and whether the pro- 
duction of sugar after painting the unisolated pancreas is due to the 
escape of adrenalin to some definite organ covered by the peritoneum 
(celiac ganglion or adrenals) or whether the peritoneum as a whole is 
responsible for the sugar production, it appears that, when sugar pro- 
duction follows the intraperitoneal injection of adrenalin, it is not of 
pancreatic origin. 
s Herter and Wakeman, Tr. Assn. Am. -Phys., 1902, xvii, 578, foot-note. 
9 Emerson and Meltzer, S. J., cited in Tr. Assn. Am. -Phys., 1902, xvii, 595. 